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disorder and so on (3, 4) . Recently, sentinel lymph node biopsy has been performed for the assessment of axillary lymph node status (3, 4) . Although sentinel lymph node biopsy reduced the incidence of complications by minimizing operative area, it still has a risk of surgical complications (5) . Therefore, many attempts have been made to decide the non-surgical preoperative staging of axillary lymph nodes with multiple imaging modalities (6, 7) .
Magnetic resonance imaging (MRI) is one of representative imaging modalities for assessment of metastasis in cancer patients (8) . It is a non-ionizing imaging technique which generate the images by using hydrogen nuclei reaction within the body in the magnetic field (8) . MRI is also effective in the identification of the axillary lesions, and able to give additional information by using intravascular contrast media such as gadolinium (Gd) chelate (8) . In recent years, several research about detection of lymph node metastasis using nanoparticles have been actively performed, especially ultrasmall superparamagnetic iron oxide (USPIO) based MRI (9) (10) (11) (12) . USPIO is inorganic nanoparticle that the core is composed of metal molecules of iron oxide (13) . There are two distinct pathways that could explain about distribution in the lymph node (14) . The first is direct transcapillary passage after intravenous injection that passes through the medullary sinus of lymph node followed by phagocytosis. The second is transportation to the afferent lymphatic channel through draining lymphatic vessel after interstitial injection (14) . In normal lymph nodes, as USPIO is taken up by macrophages, it acts as negative imaging contrast agent when using T2 and T2* MRI which produces dark signals (13) . However, in cases of the metastatic lymph nodes, USPIO based MRI shows white regions as macrophages are replaced by tumor cells in these nodes (13) . In hence, USPIO based MRI could potentially identify lymphatic metastases of malignant tumors.
In this study, we used a meta-analysis to assess the diagnostic effectiveness between USPIO and Gd based MRI as a predictor of axillary metastasis in breast cancer using axillary histology as the reference standard.
MATERIALS AND METHODS

Search Methods for Identification of Studies
To compare the diagnostic effectiveness between USPIO and Gd based MRI for the detection of axillary metastasis in breast cancer patients, we searched PubMed, EMBASE, Cochrane Library, ScienceDirect, SpringerLink, Ovid databases up to December 2013. The searched keywords were as follows; "magnetic resonance imaging AND axilla", "ultrasmall superparamagnetic iron oxide AND axilla" and "gadolinium AND axilla". References of articles were also searched manually. Searches were not restricted according to publication area.
Criteria for the Selection of Studies
Every investigator planned and reviewed the study design. The investigators independently reviewed every searched article, and determined whether the articles were suitable for the following inclusion criteria: 1) original article, 2) publication in English, 3) histologic confirmation as reference standard for diagnosis of axillary lymph node metastasis obtained with core needle biopsy, sentinel node biopsy or axillary lymph node dissection, 4) numbers of true positive (TP), false positive (FP), false negative (FN) and false positive (FP) were reported or could be calculated with "patient to patient" or "node to node" data. Every review article, editorial letter, case report, animal testing research paper, poster presentation, and non-English article were discarded. In addition, when the study had no comparison with breast histology, and had no description whether to use contrast media or not, it was excluded in the current analysis of this study. The investigators were unblinded to information about the author names, research affiliations and the journal titles. If there was disagreement about the selection of studies, we discussed until consensus was achieved.
Assessment of Methodological Quality
The authors verified the qualities of the included studies by using the quality assessment of diagnostic accuracy studies (QUADAS) tool which has 14 checklists. Each Fig. 1 . Flow chart of this meta-analysis. CI = confidence interval; Gd = gadolinium; MRI = magnetic resonance imaging; USPIO = ultrasmall superparamagnetic iron oxide checklist was counted as one point when it could be checked as "yes".
Endpoint and Definitions
The endpoint of this study was to compare the diagnostic effectiveness using sensitivity and specificity between USPIO and Gd based MRI. Sensitivity and specificity were either described in the studies or were calculable from the analysis of the numbers of TP, TN, FN and FP.
TP was defined as the number of patients that had axillary metastasis on MRI and corresponding metastatic lymph nodes on subsequent histologic findings. The number of FP was patients who had positive nodes on MRI with negative findings on histological analysis. The frequency of FN was patients who had negative findings on MRI but metastatic nodes on histologic examination. TN was calculated as the number of patients with negative nodes on histology among the patients with negative findings on MRI.
Statistical Analysis
In this research, we used Cochran's Q and I 2 statistics to analyze the heterogeneity of the included studies. When the p-value was less than 0.1, it suggested that heterogeneity existed between studies (15). In addition, heterogeneity was 1.5 9 ALND = axillary lymph node dissection; CNB = core needle biopsy; DCIS = ductal carcinoma in situ; Gd = gadolinium; MRI = magnetic resonance image; QUADAS = quality assessment of diagnostic accuracy studies; SNB = sentinel node biopsy; T = tesla; USPIO = ultrasmall superparamagnetic iron oxide USPIO versus Gadolinium Based MRI for Axillary Metastasis | Yoonseok Kim, et al.
differentiated into 3 categories depending on the range of I 2 index (i.e., < 25%: low, 25-75%: moderate, > 75%: high) (16) . If heterogeneity existed, random effect model was used to account for variation within studies. We used summary receiver operating characteristics (SROC) curves to present the results quantitatively. In addition, the present authors used diagnostic odds ratio (DOR) and area under curve (AUC) to compare diagnostic values for each type of contrast media. Subgroup analysis was performed to explore the sources of heterogeneity between studies as following parameters: publication area, publication year, magnetic field strength, number of patient, coil type, QUADAS score and index test.
Every statistical analysis was done by using MetaDisc 1.4 (Clinical BioStatistics Unit, Hospital Universitario Ramón y Cajal, Madrid, Spain) and STATA 12.0 (STATA Co., College Station, Texas, USA). A P < 0.05 was considered as statistically significant. Figure 1 shows the pertinent selection process of this meta-analysis. A total of 931 articles were found by using the keywords that described above. Finally, 14 articles were selected and analyzed. The duplicated articles were judged based on the authors, titles and contents. Table 1 shows characteristics and quality of included studies. Every study included in this meta-analysis was published between 1997 and 2013. All of the included studies were more than 7 QUADAS points, and 8 studies were more than 10 QUADAS points. Based on contrast media, all studies included in this meta-analysis were divided into USPIO and Gd based MRI. In USPIO based MRI, every study was USPIO enhanced MRI which compared signal intensity between pre-and post-contrast injection (17) (18) (19) (20) (21) (22) (23) . If there was an increase in signal intensity, the axillary node was defined as metastasis. With regard to Gd based MRI, the included research dichotomized into Gd enhanced MRI and Dynamic Gd enhanced MRI. In Gd enhanced MRI, axillary metastasis was determined through the comparison of change in the signal intensity similar to USPIO enhanced MRI (24) (25) (26) (27) . Unlike that, when the enhanced pattern of axillary lymph node was "plateau type" or "washout type", it was determined as metastatic lymph 
RESULTS
Results of the Search
Characteristics and Quality of Included Studies
Diagnostic Effectiveness
The pooled sensitivity and specificity for MRI were 0.68 (95% CI: 0.63 -0.72) and 0.92 (95% CI: 0.90-0.93). We dichotomized MRI into USPIO and Gd based MRI according to contrast media. USPIO based MRI showed 0.83 (95% CI: 0.75 -0.89) and 0.97 (95% CI: 0.94-0.98) for pooled sensitivity and specificity, respectively. In Gd based MRI, pooled sensitivity and specificity were 0.61 (95% CI: 0.55-0.67) and 0.90 (95% CI: 0.87-0.92) for each (Fig. 2) . Figure 3 shows SROC curves and Q indices of MRI, USPIO and Gd based MRI. The areas under curves (AUCs) of each study were calculated to compare the diagnostic precision of each modality. AUC and Q index for MRI were 0.9286 and 0.8635, respectively. USPIO based MRI showed AUC of 0.9563, and Q index of 0.8991. In Gd based MRI, AUC and Q index were 0.9051 and 0.8367 for each. Table 2 shows study heterogeneity according to contrast media. With regard to USPIO based MRI, both the sensitivity (P = 0.0062, I
SROC Curve and Q Index
Study Heterogeneity
2 index = 66.7%) and specificity (P = 0.0987, I 2 index = 43.8%) were moderately heterogeneous. In Gd based MRI, sensitivity and specificity showed high heterogeneity (P = 0.0000, I
2 index = 91.0% and P = 0.0000, I 2 index = 88.1% for each). Tables 3 and 4 
Subgroup Analysis
Meta-regression Analysis
In USPIO and Gd based MRI, meta-regression analysis was performed to find out the sources of heterogeneity that include publication year (before 2009 versus after 2010), publication area (Eastern versus Western), magnetic field strength (< 1.5T versus ≥ 1.5T), number of patient (< 30 versus ≥ 30), coil type (body versus breast), QUADAS score (< 10 versus ≥ 10) and index test (Gd enhanced versus dynamic Gd enhanced; applied to Gd based MRI only) ( Table  5 ). With respect to USPIO based MRI, publication year (P = 0.000, relative DOR = 1.375), number of patients (P = 0.000, relative DOR = 0.529), coil type (P = 0.000, relative DOR = 1.202) and QUADAS score (P = 0.000, relative DOR = 0.351) were related to heterogeneity. In Gd based MRI, publication area (P = 0.000, relative DOR = 0.239), magnetic field strength (P = 0.006, relative DOR = 1.974), QUADAS score (P = 0.000, relative DOR = 4.330), coil type (P = 0.000, relative 
DISCUSSION
In this study, we compared and analyzed diagnostic effectiveness of MRI in the judgment of axillary lymph node metastases in breast cancer patients through the analysis of pooled sensitivity and specificity. We identified studies that compared USPIO or Gd based MRI with histological diagnosis after surgery or biopsy. Finally, 14 studies that included 979 patients were subjected to this analysis.
This meta-analysis included clinical research that published up to December 2013, so any other studies published after that date were not subsumed. Within the included period, the authors strived to minimize the loss of data. Although our institution is not authorized in every medical database, we searched the authorized databases as many as possible, such as PubMed, EMBASE, Cochrane Library, ScienceDirect, SpringerLink and Ovid databases. In addition, the authors checked every reference list manually.
This meta-analysis revealed that MRI had high pooled specificity of 0.91 (95% CI: 0.78-0.93) and low pooled sensitivity of 0.68 (95% CI: 0.63-0.73) for axillary metastasis. However, USPIO based MRI showed higher diagnostic accuracy than Gd based MRI (pooled sensitivity of 0. In this study, we used QUADAS score to evaluate the quality of included studies. Although every study included in this meta-analysis showed more than 7 QUADAS score, heterogeneity was found among the included studies. In USPIO and Gd based MRI, both of sensitivity and specificity of the included studies were heterogeneous. So, we performed meta-regression analysis to evaluate the sources of heterogeneity. The authors found that publication year, number of patients, coil type and QUADAS score were significant sources of heterogeneity for USPIO based MRI. In addition, publication area, magnetic field strength, coil type, QUADAS score and index test were identified as significant sources of heterogeneity for Gd based MRI.
Furthermore, we performed subgroup analysis to find out the effect of characteristics and quality of the studies on the diagnostic accuracy of axillary metastasis in USPIO and Gd based MRI. For both of USPIO and Gd based MRI, publication year (before 2009) significantly affect the diagnostic value.
As mentioned above, USPIO based MRI showed higher diagnostic accuracy than Gd based MRI in this metaanalysis. Although both of USPIO and Gd based MRI showed heterogeneity for sensitivity and specificity, we could identify that USPIO based MRI had higher diagnostic value than Gd based MRI by using AUC with SROC analysis.
The meta-analysis we have described in this article has its own limitation. Although most studies showed both of "patient to patient" data and "node to node (lesion to lesion)" data, some research presented "patient to patient" data or "node to node (lesion to lesion)" data only. In this study, we preferred to analyze the "patient to patient" data rather than "node to node (lesion to lesion)" data. In some studies, however, as there were no "patient to patient" DOR = diagnostic odds ratio; Gd = gadolinium; MRI = magnetic resonance imaging; QUADAS = quality assessment of diagnostic accuracy stu dies; T = tesla; USPIO = ultrasmall superparamagnetic iron oxide
